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REPORT BRIEF 

GENERAL EIlK!TRIC 12 AMPERE-HOUR AUXILIARY ELECTROlsE NICKEL CAllMIuM 

SECONDARY SPACECFKFT mLLS 

R e f  I (a) National Aeronautics and Space Administration Purchase 

(b) NASA ltr BRA/VBK/pad of 25 September 1961 w/BuwEPS first 

(c) Preliminary Work Statement for Battery Evaluation Program 

Order W11,252B 

end FQ-1:WSK of 2 October 1961 to CO NAD Crane 

of 25 August 1961 

I. TEST ASSICtNMENT BRIEF. 

A.  In compliance with references (a) and (b), evaluation of 
General Electric I 2  ampere-hour Auxiliary Electrode Secondary Space- 
craft Cells was begun according to the program outline of reference 
(4 

B. The object of this evaluation program is to gather specific 
information concerning secondary spacecraft cells. Information con- 
cerning performance characteristics and limitations, including cycle 
life under various electrical and environmental conditions, will be 
of interest to power systems designers and users. Cell weaknesses, 
including causes of failure of present designs, will be of interest 
to suppliers as a guide to product improvement. 

it. Thirty ceiis were supplied by General Electric Company, 
Gainesville, Florida to National Aeronautics and Space Administration 
(NASA) to replace those which failed prematurely on life cycle test. 
These cells are rated at 12 atupere-hours by the manufacturer. They 
include the fuel cell type auxiliary electrode for signaling and 
another auxiliary electrode of similar material and area for oxygen 
recombination making a total of four electrodes. 

11. CONCLUSIONS. 

A .  From the results of this test, it can be concluded that: 

1. The ceramic seals of these cells, manufactured by General 
Electric Company, are satisfactory 8s evidenced by no leakers out of 
the 30 cells tested. 

2. The capacities ofthe cells were in the acceptable range 
of 15.30 to 16.92 ampere-hours. 

i 
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111. RECOMMENDATIONS. 

A. It is recommended that these General Electric 12 ampere-hour 
auxiliary electrode cells be accepted on the basis of the acceptance 
test results. 

ii 
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RESULTS OF A C C E P P A P T ~  TESTS 
OF 

12.0 AMpEFtE-HOUR K t m L  CADMIUM SECOmDAFE SPACECRAFP CELLS 

WITH AUXILLARY ELECPROIE 

I. WTROIXI%TIOET. 

A. 
30 cells. 

On 10 July 1966, this activity began acceptance tests on 
These tests were completed on 7 September 1966. 

I10 TEST CONDITIONS~ 

A. All acceptance tests were performed at an ambient temperature 
between 23" C and 27" C at existing relative humidity and atmospheric 
pressure, and consisted of the following: 

1. Phenolphthalein Leak Test. 

2. Capacity Test. 

3. Cell Short Test. 

4. Immersion Seal Test. 

5 .  Overcharge Test. 

6. Internal Resistance Test of the Auxiliary Electrode. 

7. Internal Resistance Test of the Cell. 

8. Immersion Seal Test. 

B. All charging and discharging was done at constant current 
(2  5 percent). 
ually. 

Cells were charged in series but discharged individ- 

111. CELL IDENTIFICATION AND DFSCRIFTION. 

A .  Cells were identified by the manufacturer's serial numbers 
which were from 3-7 to 7-13 although not consecutively. 
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B. The 12.0 ampere-hour auxi l ia ry  electrode c e l l  i s  rectangular 

The 
i n  shape with an average height (base t o  t o p  o f  pos i t ive  terminal) ,  
length and width of 4.662, 1.098 and 3.025 inches respectively.  
average weight i s  579.7 grams. The individual c e l l  dimensions and 
weight are given i n  Table I. Figure 1 i s  a photograph of  a General 
E l e c t r i c  Company 12.0 ampere-hour auxi l ia ry  electrode c e l l .  

C .  The c e l l  container o r  can, and the c e l l  cover are made of 
s t a i n l e s s  s t e e l .  Both terminals are insulated from t h e  c e l l  cover 
by a ceramic s e a l  and protrude through t h e  cover as 1/4-20 threaded 
posts .  The auxi l ia ry  signaling electrode connection i s  extended 
ex terna l ly  as a solder t a b  on t h e  c e l l  cover while t h e  a u x i l i a r y  
recombination electrode i s  connected i n t e r n a l l y  t o  the  negative p la tes .  

D. These c e l l s ,  ra ted  by t h e  manufacturer a t  12.0 ampere-hours, 
were supplied i n  a discharged condition. 

IV. TEST PROCEDURF: AM> RESULTS. 

A .  Phenolphthalein Leak Test. 

1. The phenolphthalein leak t e s t  i s  a determination of t h e  
condition of t h e  welds and ceramic s e a l s  on rece ip t  of the  c e l l s .  
The t e s t  was perfxmed p r i o r  t o  any other  t e s t s ,  with a phenolphthalein 
spray indicator  solut ion of one-half of one percent concentration. 

2. There were no signs of leakage on any of t h e  30 c e l l s  
subjected t o  t h e  leak tes t .  

B. Capacity Test.  

1. The capacity t e s t  i s  a determination of t h e  c e l l  capacity 
at the  c/2 discharge r a t e ,  where c i s  the manufacturer's rated capacity, 
t o  a cutoff voltage of 1.00 vol t  per c e l l .  The discharge was made 
a f t e r  a 1-hour open c i r c u i t  period following the  16-hour charge a t  
t h e  c/10 rate. 
a c t i v i t y .  The c e l l s  were discharged individually,  but were recharged 
i n  s e r i e s .  

A t o t a l  of th ree  capacity t e s t s  were made a t  t h i s  

2. I n  order t o  gather data on t h e  charac te r i s t ics  of the 
auxi l ia ry  electrode,  51  ohms res i s tance  was used between the  auxi l ia ry  
electrode and t h e  negative terminal for t h e  f i r s t  capacity check; 
24 ohms was used for  t h e  second capacity check; and an open c i r c u i t  
or i n f i n i t e  res i s tance  w a s  used for  t h e  t h i r d  capacity check. 

3. Since complete capacity data, including auxi l ia ry  
electrode charac te r i s t ics  with the three  resis tance values, w a s  not 
submitted by the  manufacturer, it w a s  not possible t o  compare the  

2 
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manufacturer's r e s u l t s  with those of t h i s  a c t i v i t y .  
ual c e l l  capac i t ies  ranged f r o m  15.30 t o  16.92 ampere-hours f o r  an 
average of 15.75 ampere-hours t o  1.00 vol t .  The c e l l  capac i t ies  
toge ther  with t h e  aux i l i a ry  electrode voltage cha rac t e r i s t i c s  are 
tabulated i n  Table 11. 
curves are shown i n  Figure 2. 

The individ- 

Chazacter is t ic  2-hour rate discharge 

C. C e l l  Short Test .  

1. The c e l l  short  t e s t  is a means of  detect ing s l i g h t  
short ing conditions. which may ex is t  because of imperfections i n  
t h e  insu la t ing  materials, or damage t o  element i n  handling o r  
assembly . 

2. Following completion of t h e  t h i r d  capaci ty  discharge 
tes t ,  each individual  c e l l  was loaded with a r e s i s t o r  of value 
giving c / l  t o  c/5 discharge r a t e  and allowed t o  stand 16 hours w i t h  
t h e  r e s i s t o r  ac t ing  as a shorting device. 
t h e  r e s i s t o r s  were removed and t h e  c e l l s  were placed on open c i r c u i t  
s tand fo r  24 hours. Any c e l l  whose voltage did not recover t o  1.15  
v o l t s  or higher was r e j ec t ed .  

A t  t h e  end of 16 hours, 

3. The open c i r c u i t  c e l l  voltage,  24 hours after removal 
of t h e  short ing r e s i s t o r s ,  ranged from 1.19 t o  1.24 vo l t s  f o r  an 
average of 1.20 v o l t s  . 

4. There were no r e j ec t s  of any of t he  c e l l s  subjected t o  
t h e  c e l l  short  tes t .  The voltage values f o r  t h e  30 accepted c e l l s  
are shown i n  Table 11. 

D. Immersion Seal  Test .  

1. The immersion s e a l  t e s t  i.s a means of detect ing leakage 
of a s e a l  or weld. 
overcharge t e s t  sequence t o  determine t h e  presence and cause of leaks.  

The t e s t  was performed before and a f t e r  t h e  

2. The c e l l s  were placed under water i n  a b e l l  jar container.  
A vacuum of 20 inches of mercury was held f o r  3 minutes. Cel ls  
discharging a s teady stream o f  bubbles were considered r e j e c t s .  

3. There were no r e j ec t s  i n  t h e  30 c e l l s  subjected t o  the  
immersion seal t e s t .  

E. Overcharge Test.  

1. The overcharge t e s t s  were performed t o  determine t h e  
steady state voltage a t  spec i f i c  r a t e s .  
of constant current charges a t  c/20, c/10 and c/5 r a t e s ,  f o r  a 

The t e s t  spec i f ied  a s e r i e s  

3 
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minimum o f  48 hours at each charge rate or  u n t i l  t h e  increaee of t h e  
tl  on-charge'' voltage was less than 10 m i l l i v o l t s  per  day. 

2. The c e l l s  were monPtored hourly throughout t h e  tes t .  

There was no need t o  remove any c e l l s  from t h e  
Charging was t o  be discontinued on c e l l s  which exceeded 1.50 vo l t s  
while on charge. 
charging sequence. 

3. The steady state voltage of each c e l l  at t h e  end of 
each 48-hour charge rate tes t  i s  shown i n  Table 11. 
overcharge voltage curves a r e  shown i n  Figure 3. 

Charac te r i s t ic  

F. In t e rna l  Resistance Test of t h e  Auxiliary Electrode. 

1. This test  was performed t o  determine t h e  in t e rna l  
res i s tance  of t h e  aux i l i a ry . s igna l ing  electrode.  

2. During t h e  c/10 charge r a t e  por t ion  of t h e  overcharge 
test; the voltage drop across the  51 ohm r e s i s t o r  connecting t h e  
aux i l i a ry  electrode t o  t h e  negative terminal was measured. The 51 
ohms r e s i s t o r  was then shunted with a one ohm r e s i s t o r  f o r  5 t o  10 
seconds and the  voltage drop across t h e  two p a r a l l e l  res is tors  (0.9808 
ohms) was measured. The in t e rna l  res i s tance  of the  aux i l i a ry  
electrode i n  ohms was calculated according t o  

R =  v1 - v2 
I2 - I1 

where V1 = voltage drop, i n  vo l t s ,  across the  
V2 = voltage drop, i n  vo l t s ,  across  t h e  

the  following formula: 

51 ohm r e s i s t o r  
0.9808 ohm r e s i s t o r s  

I1 = current  flow, i n  amperes, through the 51 ohm r e s i s t o r  
I2  = current  flow, i n  amperes, through the 0.9808 ohm r e s i s t o r s .  

3. The in t e rna l  res i s tance  value f o r  t he  aux i l i a ry  electrode 
The values range from 0.463 ohms . o f  each c e l l  i s  shown i n  Table 111. 

t o  3.674 ohms. 

G. I n t e rna l  Resistance Test of t h e  Cel l .  

1. This t e s t  was performed t o  determine the  in t e rna l  
res i s tance  of t h e  c e l l .  

2. A t  t h e  completion of t h e  overcharge test ,  t h e  c e l l s  were 
returned t o  t he  c/20 charging r a t e  and given a short  pulse (5-10 
seconds) at t h e  rate of c i n  amperes. 
immediately p r i o r  t o  t h e  pulse; and V2, 5 mill iseconds a f t e r  t he  

The c e l l  voltages,  V1, 

4 



pulse,  were read on a su i tab le  recording instrument. A CEC high 
speed oscil lograph recorder (28.8 inches of tape per second) was 
used. The in t e rna l  res i s tance  of the  c e l l  i n  ohms was calculated 
according t o  the  following formula: 

v2 - v1 
I C  - IC120 R =  

V1 and V2 a re  i n  vo l t s ,  IC and Ic/20 a re  in ampers. 

3.  The in t e rna l  resistance values for each c e l l  i s  shown 
i n  Table 111. The values range f’rom 1.75 t o  2.63 milliohms. 

5 
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CELL NO. 

3-07 

3-08 

4-06 

4-07 

5-01 

5-02 

5-03 

5-06 

5-07 

5-08 

5-09 

5-10 

5-11 

5-12 

6-01 

OHMS 

0.603 

3 0674 

0.645 

0,635 

0.470 

0 707 

0 697 

0.619 

0.988 

0.463 

0.949 

0.884 

0.621 

0.638 

1.239 

TABU I11 

AUXILIARY ELECTRODE Fl3SISTANCE 

CELL 
RES I STANCE 

( MILLIOHMS) CELL NO. OHMS 

1.75 

1.75 

1.75 

2.63 

1.75 

1.75 

1 *75 

2.63 

2.63 

1.75 

1.75 

2.63 

1.75 

2.63 

2.63 

6-03 

6-04 

6-05 

6-06 

6-07 

7-02 

7-03 

7-04 

7-05 

7-06 

7-07 

7-09 

7- 10 

7- 11 

7-13 

1.102 

1.424 

1.189 

1.108 

0 927 

0 734 

0 727 

0.811 

0. goo 
0.901 

G ,866 

0.727 

0.784 

0.800 

0 789 

CELL 
RESISTANCE 

( MILLIOHMS) 

1-75 

2.63 

2.63 

2.63 

2.63 

1.75 

1.75 

2.63 

2.63 

2.63 

1.75 

1.75 

1.75 

1.75 

1.75 

9 
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